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(g) Fiber optic splicer. 

(g) A splicer for optical fibers. The splicer Is 
assembled from two polymer body halves (14a, 
14b). When assembled the body halves tunction 
as spring clamps, internal to the body halves is 
a metallic splice element (82) which is assem- 
bled from two mirror image halves (82a, 82b). 
The polymer body halves (14a, 14b) and the 
metallic splice element body halves (82a, 82b) 
include passageways (54, 66, 109) for the two 
fibers to be spliced and passageways (88, 90, 
103) for a tool that is used to operate the splicer 
so that a fiber can be inserted into or removed 
therefrom. During assembly a portion of the 
body hatv^ are fused together to provide a 
unitized construction the spring clamps. The 
splicer may be inserted in a panel. A ferrule 
(306) is used to hold the splicer in the panel. 


in 


a. 

UJ 



Jouv , 18, rue Saint-Den's, 75001 PARIS 


# ■ ■ 

1 EP0479415A2 2 


This invention relates to devices for splicing pti- 
cal fibers (hereinafter "splicers") and more particulariy 
to such a splicer which provides improved ptical fiber 
entry, self centering and holding t afford the splicing 
of and alignnnent of ends of the optical fibers to be 
spliced. 

The art is becoming replete with devices for splic- 
ing optical fibers. In such devices the two fibers to be 
spliced are centered for the purpose of aligning the 
ends of the fibers. The optical fiber used in the tele- 
communications industry is mostly a single mode 
fiber. This fiber typically contains a 8 um±1 um diame- 
ter central glass core through which the opticai signal 
is transmitted. The core is surrounded by a glass clad- 
ding which has a diameter of 125 um±3 um. The clad- 
ding has a slightly different index of refraction than the 
core. 

There are a number of prior art devices which 
have been designed to malce permanent connections 
or splices in single mode glass fibers. To function 
properly and produce a low loss splice, ail of these 
devices must align the core portions of the two fibere 
being spliced to within approximately 10% of their 
core diameter or less than 1 um. 

Some of the prior art devices have non-confonm- 
able V grooves or non-oonfonmable rods. The fibere 
to be end centered and aligned are forced into the 
groove or between the rods. These devices.examples 
of which are shown In U.S. Patent Nos. 4,029,390; 
4,274,708 and 4,729,619, function satisfactorily as 
long as the fibere being spliced have the same diame- 
ter. 

As described above the nominal cladding diame- 
ter of 125 um has a tolerance range whose ends are 
at 122 um and 128 um. When the cladding diametere 
of the fibere to be spliced are at the opposite ends of 
the tolerance range the non-confonmable "V" groove 
type devices have difficulty in providing the required 
core alignment precision. 

Othere of the prior art devices have three equally 
spaced ductile or elastomeric surfaces which create 
an equilateral triangular cross-sectional channel into 
which the fibere to be spliced are positioned The fiber 
ends are located between the three equally spaced 
surfaces. Usually the midpointof the channel Is where 
the Junction between the ends of the two fibere is 
located. These devices, examples of which are dis- 
closed in U.S. Patent Nos. 4,391,487; 4.435,038; and 
4,593,971 are better suited to accommodate differ- 
ences in fiber cladding diameter than the non-con- 
formable devices described above. 

U.S. Patent No. 4,824,197 discloses a stamped 
lightguide interconnect centering element for splicing. 
After stamping, that element is fold d which may intro- 
duce various distortions such as internal str ss sand 
variation in the grain f the material used in the le- 
ment That device utilizes the well kn wn three equ- 
ally spaced contact surfaces to fom a fiber centering 


channel. The fiber clamping surfaces ar initially 
spaced far en ugh apart t all wfib retob ins rted. 
When th fiber ends have been Inserted and it has 
been determin d that they are in contact th splice 

5 element, which Is seated in a Jacket, is closed by 
pushing a cap Into the Jacket. The pushing of the cap 
requires tiiat the craftspereon operate ttie handle of 
an assembly tod which requires either that one hand 
be removed from the fibere or another craftsperson is 

10 available to operate the tool. 

U.S. Patent No. 4,921,323 discloses a splicer 
developed from memory polymere. After the ends of 
the fibere are inserted ttie mass is exposed to a 
stimulus such as heat which causes ttie mass to 

15 recover its Inherent shape. 

It is desirable that the splicer be relatively easy to 
manufacture and assemble. It is also desirable that at 
least ttie splice element of the splicer use identical 
stamped or molded parts which then have mirror 

20 image characteristics. The use of such parts ensures 
uniform clamping of ttie fiber dadding. It is also furttter 
desirable that the splicer damp both the dadding and 
buffer of a fiber inserted ttierein. It Is fiirttier desirable 
that ttie splicer be sold completely assembled. This 

25 prevents the possible loss of critical parts by the user 
of the splteer. It Is further desirable that ttie splicer be 
relatively easy to use and tiiat ttie same tool be usable 
with ail of the splicere. 

It is still further desirable ttiat each of the two fib- 

30 ere to be spliced can be inserted in each end of the 
splicer independentiy of each other and without dis- 
turbing a fiber that has already been inserted in the 
one of the ends. This allows one craftspereon to insert 
ttie fibere and also allows one craftspereon to reenter 

35 ttie splicer for the purpose of removing one of the fib- 
ere for repair or replacement without disturbing the 
other fiber. 

The independent insertion of the fibere allows the 
splicer of the present invention to be mounted in 

40 panels in relatively high densities. All of the fibere on 
one side of Uie panel can be inserted in the associated 
one of the splicere without disturbing any fibere that 
may have been inserted on the other side. Those 
other side fibere, if not already inserted in the splicer 

45 panel, can be inserted by the same craftspereon who 
inserted ttie fibere in ttie one side splicere without dis- 
turbing ttiose inserted fibere. Alternatively, the inser- 
tion of ttiose ottier side fibere can be leftfora later time 
or even anottier craftspereon. 

so 

Summary of the Invention 

A splicer for at least two optical fibere. The splicer 
has a housing which has at least two openings each 
55 of which are assodated witti one f th at least two 
ptical fibere and at least one d ubi cantil ver 
spring. A fiber receiving and positioning channel Is in 
ttie housing and extends between the at least two 
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openings. Th spring is for damping both th buffar 
and dadding of th at least two fibers when ach ne 
of the fibers are in the fiber receiving and positioning 
channel from the associat d n f the openings to a 
point which is about halfway between the openings. s 
The damping for each of the fibers is independent of 
each other. 

An element for use in splicing at least two optical 
fibers. The element is fonned from two mirror image 
halves each of which has a fiber supporting surface 10 
having two common longitudinal planes at an angle 
with respect to each other which is essentially ninety 
degrees. Each mirror image half also has half of a 
means for spreading the splice element so that a fiber 
can be moved in the element. is 

A method for assembling a fiber optic splicer. The 
splicer comprises a splice element which has first and 
second mirror image body halves and first and second 
outside body halves each of which has a recess for 
receiving the splice element. The method comprises 20 
the steps of assembling the first and second splice 
element body halves to form the splice element, plac- 
ing the splice element in the recess of one of the first 
and second outside body halves, assembling the first 
and second outside body halves to form the splicer 25 
and fusing predetemnined portions of the first and sec- 
ond body halves to each other. 

A ferrule for use with a splicer for optical fibere so 
that the splicer can be Inserted in an opening of a 
panel which has two faces. The splicer has a central 30 
portion of predetermined shape and ttie panel open- 
ing has a shape which is essentially complementary 
to the predetermined shape. The fenrule comprises a 
body which has essentially the predetennined shape 
and an aperture for receiving the splicer central per- 35 
tion. The aperture has a predetemfiined shape which 
is essentially complementary to the splicer predeter- 
mined shape. The ferrule furtiier comprises means on 
the body for positively engaging one face of the panel 
when the ferrule Is inserted in the panel opening. 40 

A metiiod for operating a splicer for at least two 
optical fibere. The splicer comprises a housing which 
has at least two openings each associated with one 
of the fibers and at least one cantilever spring. The 
splicer also comprises a fiber receiving and position- 4S 
ning channel in the housing extending between the 
two openings. The spring is for damping both the buf- 
fer and dadding of the at least two fibers when each 
one are in the channel from ttie associated one of the 
two openings to a point In the housing which Is about so 
halfway between the openings. The clamping for each 
of the fibere is independent of each other. The method 
comprises the steps of forcing the spring to deflect be- 
tween one of the openings and the about halfway 
point and moving th ass dated one f th fibere in 55 
the fiber recehfing and positioning channel. 
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Description fth Drawing 

Fig. 1 shows on embodiment f r ttie splicer of 
the present inventi n, indudingth tool f ruse there- 
wltti. 

Fig. 2 shows one of ttie two rectangulariy shaped 
body halves for the splicer of Fig. 1 . 

Fig. 3 shows the metal splice element which is 
included in the splicer of Fig. 1 prior to assembly. 

Fig. 4a shows a section through the assembled 
metal splice element of Fig. 3. 

Fig. 4b shows an end view of the assembled 
metal splice element 

Figs. 4c 4d and 4e are enlargements of a section 
through the assembled metal splice element showing 
the equilateral diamond shaped groove of the splice 
element when no fiber has been inserted, after the 
splicer has been opened to receive a tiber and after 
ttie splicer has received a fiber and been dosed to 
lock the fiber in place, respectively. 

Fig. 5a shows an exploded perspective of the 
splicer of Fig. 1 prior to assembly. 

Fig. 5b shows the splicer of Fig.1 with a portion 
of the top half cut away so as to show ttie operation 
of the splicer to receh^e into It or remove from it a fiber. 

Figs. 6a and 6b show a second embodiment for 
the splicer of the present invention as well as one of 
the body hah/es thereof, respectively, induding the 
tool for use therewitti. 

Fig. 7 shows a third embodiment for the splicer of 
the present invention. 

Fig. 8a shows the tool for use wittie splicer of Fig 
1. Figs. 8b and 8c shows sections through ttie shaft 
portion of the tool of Fig. 8a. 

Fig. 9 shows a panel which is capable of holding 
a multipltdty of ttie splicere of Fig. 1 . 

Figs. 10a, 10b and 10c show various views of the 
ferrule assodated with each splicer used in ttie panel 
of Fig. 9. 

Referring now to Fig. 1 there is shown ttie fully 
assembled polymer spring splicer 10 of an embodi- 
ment of ttie present invention and the tool 12 fbr 
operating the same. The splicer 10 has a rectangu- 
lariy shaped polymer body 14 which is constructed in 
the manner to be described in detail below from mirror 
image rectangulariy shaped polymer body halves 14a 
and 14b, one of which is shown in Fig. 2. At firat end 
16 of body 14 there is a first essentially rectangulariy 
shaped aperture 18 for receiving a buffered optical 
fiber 20 to be spliced. End 16 also indudes a second 
essentially rectangulariy shaped aperture 22 for 
receiving tod 12. Body 14 also indudes a second end 
24 which also has a first essentially rectangular 
shaped aperture 19 (not shown in Fig. 1) identical to 
aperture 18 for receiving the buffer d optical fiber 21 
to be spliced t fiber 20. S cond end 24 also has a 
second essentially rectangulariy shaped aperture 23 
(n t shown in Fig. 1) identical to aperture 22 f rrecehf- 
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ing tool 12. Half of apertures 19 and 23 are shown in 
Fig. 2. 

As is shown In Fig. 1 each half 14a. 14b f body 
14i8divid dintoth thr sections 26a. 28a and 30a 
of body half 14a and the three sections 26b, 28b and s 
30b of body half 14b. Each of the sections are sepa- 
rated from the next adjacent section by the associated 
one of elongated U-shaped gaps 36a and b, and 38a 
and b. Gaps 36a and b separate sections 26a and b, 
and 28a and b; and gaps 38a and b separate sections to 
26a and b, and 30a and b. 

As will be described in more detail hereinafter in 
assembled splicer 10 sections 26a, 26b and 28a, 28b 
of body halves 14a and 14b function as double can- 
tilever spring clamps 26 and 28. respectively, to retain is 
bufFersd fiber 20 after it Is received in aperture 18. 
More specifically, spring damp 28 retains the clad- 
ding 20a of fiber 20 while spring clamp 26 retains the 
buffer 20b of thatfiber. In an identical feshlon sections 
28a, 28b and 30a, 30b of body halves 14a and 14b 20 
function in the assembled splice as double cantilever 
spring clamps 28 and 30, respectively, to retain the 
buffered fiber 21 received in aperture 19 of end 24. 
More specifically spring damp 28 retains the dadding 
21a of fiber 21 while spring clamp 30 retains the buffer 25 
21b of that fiber. 

Also as will be described in more detail hereinaf- 
ter tool 12 Is used to open spring damps 26 and 28 
so that fiber 20 can be received in or removed firom 
aperture 18 in end 16. In order for the opening of those 30 
spring damps to be accomplished, the tool Is inserted 
in essentially rectangulariy shaped aperture 22 and 
rotated in one direction so as to deflect the two sec- 
tions comprising each spring damp, i.e. the anms of 
the double cantilever spring damps. Thereafter, the 35 
tool remains in position without any need for force to 
be applied to maintain it In place. Fiber 20 can then be 
received in or removed from aperture 18. At the end 
of that operation the tool is rotated in the opposite 
direction and withdrawn from the aperture 18. It 40 
should be appreciated that ttie length of tool 20 is such 
that the tool only projects Inwardly Into housing 14 a 
distance sufficient to open only spring damps 26 and 
28 and not to affect any fiber that may have been 
received In the assodated one of the apertures in end 4S 
24 and is held in place In splicer 10 by damps 28 and 
30. 

in a similar manner tool 12 Is Inserted In the 
essentially rectangulariy shaped aperture 23 in end 
24 and rotated in the one direction so tiiat a fiber can so 
be received in or removed from aperture 19. As des- 
cribed above the length of tool is such as to only open 
spring damps 28 and 30 and not to affect any fiber 
that may have been received in aperture 18 and is 
held In place in splicer 10 by damps 26 and 28. At the 55 
end of that op ration the tool Is rotat dinth pposit 
direction and withdrawn firom aperture 23. Therefore 
using nly one hand a craflsperson can spread those 


fthe spring damps of splicer 10 assoclat dwith ne 
ofthefibers and with tiiat hand or th oth rhandeitiier 
Ins rt Into r remove from thos spring clamps that 
fiber without disturbing a fiber ttiat has b n received 
in the spring clamps associated with that other fiber. 

Referring now to Fig. 2 there is shown one of the 
rectangularly shaped body halves 14b of body 14. As 
described above ttie body halves are mirror Images of 
each other and when mated together form apertures 
18, 19. 22 and 23. Therefore only the haff of those 
apertures 18b, 19b In end 16b and the half of those 
apertures 22b, 23b in end 24b of body half 14b are 
shown In Fig. 2. In addition, only one of the body hal- 
ves 14b need be described In detail it being under- 
stood tiiat the other body half 14a is Identical In 
construction to body half 14b. 

Body half 14b Includes upwardly projecting align- 
ment boss or pin 44b and complementary alignment 
hole or opening 46b. When polymer body halves 14a 
and 14b are mated together during the assembly of 
splicer 10 the alignment boss or pin 44b on body haff 
14b interferes with the complementary alignment hole 
or opening 46a on body haff 14a. Opening 46b on 
body haff 14b Interferes with the pin 44a on body haff 
14a. 

Starting at aperture 18b, section 26b has a first 
tapered haff rectangulariy shaped portion 48b which 
is followed by a first haff rectangulariy shaped portion 
50b. When splicer 10 Is assembled firom body halves 
14a and 14b and spring damp 26 is dosed, half rec- 
tangulariy shaped portion 50b In combination with haff 
rectangulariy shaped portion 50a of body half 14a 
defines an elongate rectangulariy shaped channel 50 
whose height Is sufficient to hold in place a 900 um 
buffer 20b. Following half rectangulariy shaped por- 
tion 50b, section 26b has a second tapered half rec- 
tangulariy shaped portion 52b. A second haff 
rectangulariy shaped portion 54b starts at the left 
hand end of portion 52b and ends at gap 36b. When 
splicer 1 0 is assembled and spring damp 26 is dosed, 
haff rectangulariy shaped portion 54b In combination 
witti half rectangulariy shaped portion 54a of body haff 
14a defines an elongated rectangulariy shaped chan- 
nel 54 whose height is sufficient to hold in place a 250 
um buffer 20b. 

In a slmDar manner, section 30b has first and sec- 
ond tapered haff rectangulariy shaped portions 60b 
and 64b and first and second haff rec^ngulariy 
shaped portions 62b and 66b. When splicer 10 Is 
assembled and spring damp 30 is dosed, haff rectan- 
gulariy shaped portions 62b and 66b in combination 
witti haff rectangulariy shaped portions 62a and 66a 
of body half 14a define elongated rectangulariy 
shaped channels 62 and 66. respectively, whose 
heights are sufficient to h Id In plac a 900 um and a 
250 um buffer 21b, reap ctively. 

Section 28b indudes in the top ledge of Its rela- 
tiv ly thin right hand wall 71 b a firet tapered half rec- 
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tangularly shap d portion 72b which starts at gap 36b 
and ends at th left hand edg 73b of wall 71 b. Sec- 
tl n 28b also Includes in the top ledg of its relatively 
thin left hand wall 75b a second tapered half rectan- 
gularly shaped portion 74b which starts at gap 3db 
and ends at the right hand edge 77b of wall 75b. Since 
each of walls 71b and 75b are relatively thin, each of 
portions 72b and 74b extend only a very short dist- 
ance Into sectton 28b from their associated one of 
gaps 36b and 38b. When splicer 10, Is assembled and 
spring damp 28 is closed, portions 72b and 74b in 
combination with the first and second tapered half rec- 
tangularly shaped portions 72a and 74a of section 
28a of body half 14a define first and second rectan- 
gularly shaped fiber channels 72 and 74 for the entry 
into spring damp 28 of the dadding 20a, 21a of the 
two fibers to be spliced. 

Section 28b also indudes outside wall 76b and 
inside wall 78b parallel thereto, in combination walls 
71b, 75b, 76b and 78b define a cavity 80b which has 
a bottom 81b. As wiii be described in more detail 
hereinafter splicer 10 indudes a coined metal splice 
element 82, shown in Fig. 3, which is assembled firom 
mirror Image element hah^es 82a and 82b. When 
splicer 10 is fully assembled element half 82b resides 
in cavity 80b and element half 82a resides in the cavity 
80a of body half 14a. 

With splicer 10 fully assembled the opening of 
spring damps 26 and 28 by the use of tool 12 allows 
a fiber 20 to be received in aperture 18. The cladding 
20a of the fiber is received in the right half of splice 
element 82. The opening of spring damps 28 and 30 
of the fully assembled splicer by the use of tool 12 
allows a fiber 21 to be received in aperture 19. The 
dadding 21a of that fiber is received in the left hand 
half of splice element 82. Also as will be described in 
more detail herein after it is splice element 82 which 
holds the dadding of each of the fibers in place when 
spring damp 28 is closed. 

Returning once again to Fig. 2 it is seen that sec> 
tlon 28b indudes first and second ribs 84b and 86b in 
the bottom 81 b of cavity 80b. The ribs 84b and 86b are 
parallel to walls 76b and 78b and are in contact with 
the bottom of splice element half 82b when splicer 10 
Is assembled. During that assembly procedure, which 
will be described In detail hereinafter, splicer 10 is 
subject to ultrasonic or other heating means which 
among other things partially melts the ribs to bring 
them Into Intimate contact with the bottom of the splice 
element half. This ensures that when tool 12 is inser- 
ted Into the splicer 10 from either end and rotated in 
the direction that will spread the associated splice 
damps, that a predetenmined rotation of the tool will 
cause a predetermined deflection of the spring 
damps. 

Body half 14b als indudes a first half r ctangu- 
lariy shaped channel 88b which extends to the left 
from aperture 22b through section 26b and the thin 


wall 71b of section 28b. When splicer 10 is ass nv 
bled, channel 88b In combinati nwithth first half rec- 
tangulariy shaped channel 88a f body half 14a f nms 
a rectangularly shaped channel 88 for receiving tool 

5 12 when it is desired to open spring damps 26 and 28. 
Body half 14b also indudes a second half rectangu- 
lariy shaped channel 90b which extends to the right 
from aperture 23b through section 30 and the thin wall 
75b of section 28b. When splicer 10 is assembled, 

10 channel 90b in combination with the second half rec- 
tangularty shaped channel 90a of body half 1 4a fomis 
a rectangulariy shaped channel 90 for receiving tool 
1 2 when it is desired to open spring damps 28 and 30. 
Finally it Is seen that body half 14b also indudes 

15 In portion 91b parallel ribs 92b and 94b which extend 
longitudinally over almost the entire length of the body 
hatf. When splicer 10 Is subject to ultrasonic or otiier 
heating means during its assembly these ribs also 
partially melt to ensure an intimate contact between 

20 the portions 91a and 91b of body halves 14a and 14b. 
Therefore when the assembly of splicer 10 is finished, 
the portions 91a and 91b define a unitized structure 
91. 

Referring once again to Fig. 3 there are shown the 

25 two identical halves 82a and 82b of splice element 82 
just prior to the assembly of the splice element. Ele- 
ment half 82b indudes upwardly projecting alignment 
boss or pin 96b and complementary alignment hole or 
opening 98b. When splice element halves 82a and 

30 82b are mated together the alignment boss or pin 96b 
on element half 82b interferes with complementary 
alignment hole or opening 98a on element half 82a. 
Opening 98b on element half 82b interferes with the 
pin 96a on element half 82a. 

35 When assembled splice element 82 has in end 
100 an essentially equilateral diamond shaped aper- 
ture 102 to receive the dadding of fiber 20 and an 
essentially rectangularly shaped aperture 103 to 
receive tool 12. Also when assembled the splice ele- 

40 ment has In end 104 an essentially equilateral 
diamond shaped aperture 105 to receive the dadding 
of the fiber inserted into splice 10 from end 24 and an 
essentially rectangularly shaped aperture 106 to 
receive tool 12. Only half of these apertures are 

45 shown in Fig. 3. 

Starting at aperture 102b, element half 82b has a 
first tapered half diamond shaped portion 107b. When 
splicer 10 is assembled the tapered half diamond 
shaped portion 107b in combination witti the tapered 

so half diamond shaped portion 107a of element half 82a 
defines a fiber "V" slot for the entry into the splice ele- 
ment of die dadding of fiber 20 when the tooM2 Is 
inserted into splicer 10 from end 16 and rotated to 
open spring damp 28. Starting at aperture 105b, ele- 

55 ment half 82b has a second tapered half diamond 
shap d portion 108b. When splicer 10 is assembled 
the. tapered half diamond shaped portion 108b in 
c mbination witti the tapered half diamond shaped 
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portion 108a of element half 82a defin s a fib r 'V 
slotf rtheentryintDthespliceelementofth cladding 
of fiber 21 Inserted when the to I 12 Is Insert d into 
splic r 10 firom end 24 and rotat d to open spring 
clamp 28. 

Element half 82 also has a half equilateral 
diamond shaped portion 109b which extends be- 
tween the first and second tapered half diamond 
shaped portions 107b and 108b. When splicer 10 Is 
assembled the half equilateral diamond shaped por- 
tion 109b in combination with the half diamond 
shaped portion 109a of splice element 82a defines an 
equilateral diamond shaped groove 109 for receiving 
the claddings of the two fibers to be spliced when the 
associated set of spring damps are opened by tool 12 
and holding those claddings in place when the tool Is 
removed from the splice. 

Referring now to Fig. 4a, there Is shown a section 
through assembled metal splice element 82. This sec- 
tion shows tiie interference between boss or pin 9Bb 
and hole or opening 96a and also between pin 98a 
and opening 98b when splice element 82 is assem- 
bled. While the assembly of splicer 10 will be des- 
cribed In connection with Fig. 5a, it should be evident 
from Figs. 3 and 4a that assembly of splice element 
82 is accomplished by placing the two halves 82a and 
82b in alignment with one another and then lightJy 
pressing them together so that the bosses 96b. 98a 
are forced into the associated one of openings 96a 
and 98b. 

Referring now to Fig. 4b, there Is shown a view of 
end 100 of metal splice element 82. As previously 
described, when splice element 82 is assembled, end 
100 has in it an essentially equilateral diamond 
shaped aperture 102 to receive the cladding 20a of 
fiber 20 and an essentially rectangulariy shaped aper- 
ture to receive tool 12. As described above, aperture 
102 leads to an essentially equilateral diamond 
shaped groove 109 for holding the cladding in place 
when a fiber has been Inserted in splicer 10 and tool 
12 has been removed from the splice. 

Referring now to Figs. 4c, 4d and 4e there is 
shown enlargements of a section through the metal 
splice element showing groove 109. Groove 109 Is 
formed from two opposing ninety degree (90**) "V" 
grooves 109a and 109b to give rise to four common 
longitudinal planes when element 82 is assembled. It 
is these two V grooves which fixedly hold the clad- 
ding of a fiber inserted into splicer 10 after the tool 12 
has been removed from the splice. 

Fig. 4c shows the groove 1 09 when neither a fiber 
20 or a tool 12 has been inserted in splicer 10. This 
will be refenred to hereinafter as tiie quiescent mode 
of operation of splicer 10. The width of the groove 109 
Is designated as "a" in Fig. 4c. It should be understood 
that as Fig. 4c is an enlarg ment of a section through 
groove 109, that the spacing shown between the 
edges of splice element hah^es 82a and 82b In Fig. 4c 


in th quiescent mod is extremely small and essen- 
tially nonexistent. 

Fig. 4d shows the splice el ment 82 and th 
groove 109 after tool 12 has been inserted in end 

5 aperture 22 of end 16 of splicer 10 and has been 
rotated in a direction so as to maximally deflect spring 
clamps 26 and 28 so that fiber 20 can be either inser- 
ted into aperture 18 or removed therefrom. Due to the 
intimate contact between sections 28a and 28b and 

10 splice elements 82a and 82b, respectively, the open- 
ing of groove 109 of the splice element 82 is at a 
maximum when spring damp 28 maximally deflects. 
This mode of operation of splicer 10, i.e. insertion of 
tool 12 into either end of the splice and rotating it In 

15 the direction which maximally deflects the associated 
spring damps will be referred to hereinafter as the 
transition mode of operation of splicer 10. The tool 12 
is designed to spread the edges of each of the two hal- 
ves of splice element 82 by an equal distance desig- 

20 nated as "^2" about the centeriine 82c shown In Fig. 
4d. Therefore the total spread of splice element 82 
when tool 12 is inserted in aperture 22 and rotated to 
maximally deflect the spring damps Is designated as 
•b". 

25 Fig. 4d also shows a section through a fiber 20 
which has been inserted into groove 109 of splicer 10 
during the transition mode of operation. The diameter 
of the dadding 20a of the fiber is designated as "d". 
It is seen from Fig. 4d that the tool 12 is designed to 

30 spread groove 109 by a distance sufficient to allow a 
fiber 20 to be easily inserted Into groove 109 or 
removed therefrom during the b^nsition mode. It is 
also seen from Fig. 4d that the total spread b of splice 
element 82 is not so large so as to allow the fiber to 

35 move out of groove 1 09 and into the nongroove spac- 
ing between the edges of the two splice element hal- 
ves. In other words, distance b is less tiian fiber 
diameter d. 

Fig. 4e shows the splice 82 and groove 109 after 

40 a fiber has been inserted in aperture 18 and tiie dad- 
ding 20a has entered groove 109 and tiie tool has 
rotated in the opposite direction to thereby remove the 
force it is providing to deflect the spring damps. This 
will be rsfen-ed to hereinafter as the operating mode 

45 of splicer 10. In tiie operating mode the space be- 
tween the edges of splice element hah^es 82a and 82b 
is designated as "c". As fiber 20 Is centered in groove 
109 each of elements 82a, 82b is deflected by the 
same distance "c/2' about centeriine 82c. The widtti 

60 "a" of groove 109 is selected to provide the desired 
spadng "c" in tiie operating mode. 

Typical values for width "a", transition mode 
maximum deflection "b", operating mode spacing "c" 
and fib r cladding diameter "d" wQI be given when the 

55 use f splicer 10 is described in conn cti nwitti Fig. 
5b. 

As can been seen from Fig. 4e in the op rating 
mode the two pposed 90*" "V grooves 82a, 82b pro- 
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vid f ur common longitudinal planes which cooper- 
ate to fixedly retain the cladding 20a f fiber 20. As is 
well kn wn, th use f four common longitudinal 
planes which are displaced 90^ from n another pro- 
vides in the operating mode an equal displacement on 
the cladding in all radial directions. In addition, the 
clamping force has the same angular relationship with 
each of the planes. 

In summary, splicer 10 has with respect to each 
of its ends three modes of operation. They are: 

i) the quiescent mode wherein neither a fiber nor 

the tool has been Inserted Into one end of the 

splicer; 

II) the transition mode wherein the tool has been 
inserted into the associated aperture of one end 
and rotated so as to maximally deflect the spring 
damps and maximize the opening of groove 109; 
and 

III) the operating mode wherein a fiber resides In 
the splicer and its dadding is in groove 109 and 
tool 12 has either been removed from the 
associated aperture or has been rotated back to 
the position which removes its deflecting force 
firom the spring clamps. 

It should be appreciated that each end of splicer 
1 0 may be in any one of the three possible modes des- 
cribed above and the mode for one end is indepen- 
dent of the mode for the other end. For example, one 
end of splicer 10 may be in the operating mode while 
the other end can be In any one of the three possible 
modes. 

As described above splice element 82 is metallic. 
In selecting the metal out of which the halves of ele- 
ment 82 is to be fabricated the minimum tensile 
strength of the optical fiber which is about 2-1/2 
pounds and the static coefficient of friction which is 
0.5 must be taken into account. Dividing the fonmer by 
the latter gives about five (5) pounds which is the 
required nonfnal damping force. In other words, when 
splicer 10 is in its operating mode, the spring damps 
must hold the dadding and buffer with a normal force 
of about five pounds so that if anyone pulls on either 
of the fibers with more than that force, that fiber will 
break rather than degrade. This provides a visual indi- 
cation that the fibers are no longer spliced. 

Additionally, it is Important that the metallic ma- 
terial out of which element 82 Is fabricated not be sub- 
ject to plastic defomnation when the fiber is pulled by 
the above force. If the material is such as to undergo 
plastic defonmation then the shape of V groove 109 
would change and it would be necessary to also rep- 
lace splicer 10 as well as prepare the fiber for reinser- 
tion into the splicer. Elastic deformation is, on the 
other hand, desirable for alignment of different fiber 
diametere. We have found after evaluating various 
aluminum alloys for us in fabricating the splice le- 
ment that the higher strength alloys ar better for that 
purpose (elastic defonmatlon without plastic defor- 


mation) than the lower strength alloys. 

It is also quite important that groov 109 b highly 
resistant to gouging and chipping upon repeated 
insertions of a fiber th rein. This ensures that splicer 
5 10 will be usable for multiple reentries if necessary. 
We have also found that anodizing provides such high 
resistance to chipping and gouging and that higher 
strength aluminum alloys are more suitable to such 
anodizing. We have further found that In anodizing the 

10 alloy it is desirable that the alumina be the thinnest 
unifbnm layer possible that provides the desired resi- 
stance to chipping and gouging. 

In one embodiment for splice element 82 the 
aluminum alloy used was American Society of Metals 

15 type 5202-H32 which is available from ntany different 
sources. The anodizing was accomplished using an 
electrolyte of boric add and sodium potassium tar- 
trate and a voltage of 200 volts. This provided a hard 
unifomn layer having a thickness of one-quarter (1/4) 

20 micron. This appeara to be the thinnest uniform layer 
which resists chipping and gouging. 

Referring now to Fig. 5a there is shown an exp- 
loded perspective of splicer 1 0 prior to assembly. That 
assembly will now be described. 

25 The assembly of splicer 10 first starts with the 
assembly of splice element 82. As described above, 
that element is assembled by placing the two halves 
In alignment with each other and then lightty pressing 
them togettier so that the boss of each one of the hal- 

30 ves interferes with the assodated opening on each 
one of the halves. After splice element 82 has been 
assembled it is seated in the recess 80a or 80b of one 
of the splice body halves 14a or 14b so that the bottom 
of splice element half 82a or 82b Is in contact witti bot- 

35 torn 81a or 81b of the recess 80a or 80b. The ottier 
body half 14b or 14a of body 14 is then placed on top 
of body half 14a or 14b so that opening 46a aligns with 
boss 44b and boss 44a aligns with opening 46b. The 
two body halves are then pressed together. 

40 In order that sections 26, 28 and 30 of body 14 
properiy function as spring damps it is necessary to 
provide a finm joint between the assodated sections 
of each body half which together fonn those damps. 
That joint is provided by subjecting the assembled 

46 splice to ultrasonic or other heating means to thereby 
partially melt the ribs 92b and 94b (see Fig. 2) of body 
portion 91b and the ribs 92a and 94a of body portion 
91a to provide a unitized structure 91. In other words, 
body portions 91a and 91b are fused together. 

50 Such ultrasonic or other heating means also par- 
tially melts tiie ribs 84b and 86b of recess 80b (see 
Fig. 2) to bring them Into Intimate contact with tiie bot- 
tom of splice element half 82b. The ribs 84a and 86a 
of recess 80a are also partially melted to bring them 

55 Into intimate contact with til bottom of splice element 
body half 82a. As previ usiy describ d abov , this 
intimate contact between the ribs in the bottom of 
recesses 80a and 80b and the b ttom of the 
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associated splice element body 82a and 82b ensures 
that a predetenmin d rotati n f to I 12 will caus a 
pred termineddefl ction of the spring damps. 

The assembly of the splicer 10 Is summariz d as 
follows: 5 

I) aligning splice element body halves 82a and 
82b and then pressing them in place; 

II) placing the assembled splice element in the 
recess 80a or 80b of either of body hahf es 1 4a or 
14b; 10 
iii) taking the other body half 14a or 14b, i.e. the 

one in which assembled splice element has not 
been placed, and after aligning it with the body 
half In which the splice element has been placed, 
pressing it onto that body half; and is 
Iv) subjecting the assembly of splice element 82 
and body 14 to ultrasonic or other heating means 
so as to partially melt the abutting ribs in each 
body half to thereby fuse those body halves to 
each other so as to provide a unitized construe- 20 
tion to the spring clamps and also to partially melt 
the ribs in contact with each splice element half 
so as to establish an intimate contact between 
each body half and the bottom of the associated 
splice element half. 25 
Referring now to Fig. 5b there is shown splicer 10 
of Fig. 1 wherein the majority of spring damp section 
28a has been cut away in order that the use of splicer 
10 can be described. In Fig. 5b the tool 12 has been 
inserted in aperture 22 and has been rotated in the 30 
direction which maximally deflects spring damps 26 
and 28. Fiber 20 has been inserted in aperture 18. 
Prior to this, a craftsperson has prepared fiber 20 by, 
among other things, deaving the end of the fiber and 
removing a length of buffer 20b suffident so that when 35 
fiber 20 is fully inserted in aperture 18 the cladding 
20a projects slightty more than halfway into splice ele- 
ment 82. 

The length of buffer 20b that the craftsperson 
removes from fiber 20 depends on the dimensions of 40 
splicer 10 and the buffer diameter. As was described 
in connection with Fig. 2, section 26 of splicer 10 
indudes channels 50 and 54 to hold in place a 900um 
and a 250um buffer, respectively. Channel 50 is 
closer to end 16 than channel 54. Therefore, the 45 
craftsperson must remove more of the fiber buffer 
when the buffer diameter is 900um than must be 
removed when that diameter is 250um. In one embo- 
diment for splicer 1 0, between seven and eight mm of 
the buffer 20b must be removed from fiber 20 as 50 
measured from the cleaved end of the fiber when the 
buffer diameter Is 250um, while between 16-1/2 and 
17-1/2mm of the buffer must be removed when the 
buffer diameter is 900um. 

The use of splicer 10 will now be described with 55 
respect to end 16 and fiber 20, it being understood, 
however, that this description also applies to fiber 21 
inserted into or removed from end 24. If the fiber 20 


istob inserted into splicer 10 a craflsp rson will first 
prepare the fiber in the manner described abov . Th 
craftsperson would then, using n hand, insert tool 
12 into aperture 22. The rientation f the tool with 
respect to aperture 22 Just prior to insertion is shown 
in Fig. 1. The craftsperson would then rotate the tool 
in the direction which maximally deflects spring 
clamps 26 and 28. 

The deflection, i.e. opening of groove 109 of 
splice element 82 is also a maximum due to the inti- 
mate contact between sec^ons 28a and 28b and 
splice element halves 82a and 82b, respectively. The 
splicer 10 is now ready to accept fiber 20. Since the 
nominal dadding diameter ("d" of Figs. 4d and 4e) of 
a fiber is 125um (about 0.0050 inches), the nrtaximum 
deflection of groove 109 ("b" of Fig. 4d) must not be 
more than 0.0040 Inches (about 101 um) othenn^lse 
the fiber will tend to wander out of the groove 1 09 dur- 
ing insertion. In one embodiment for splicer 10 the 
maximum deflection of groove 109 was 0.0035 inches 
(about 89um) and therefore each of the two halves of 
the splice element 82 deflected 0.00175 inches about 
centeriine 82c. 

Tool 12 after rotation remains in position without 
any need for the craftsperson to hold it. Therefore, the 
craftsperson may use the same hand that rotated the 
tool or the other hand to insert fiber 20 into aperture 
18, tilting it slightly away firom the splicer'slongitudinal 
axis to fadlitate entry and push it slowly and evenly 
into splicer 10 until resistance is met. This indicates 
that the buffer is fiiily seated in, i.e. completely fills, 
the associated one of the two channels 50 and 54 In 
section 26 and that the dadding projects slightly more 
than halfway through the splice element 82. 

The craftsperson would then rotate the tool in the 
direction opposite to the one which maxinnaity deflec- 
ted the spring clamps. This opposite rotation of the 
tool removes its deflecting force from the spring 
clamps 26 and 28. Splicer 10 would then be In its 
operating mode with regard to fiber 20. It is to be noted 
that the craftsperson may not have to release fiber 20 
In order to operate tool 12. Therefore the seating of 
the fiber buffer In the associated one of the buffer 
channels 50 or 54 and the dadding in groove 109 is 
not disturiDed in order to lock the fiber In place. The 
steps described above for inserting fiber 20 into the 
splicer are also used to remove a fiber 20 that has pre- 
viously been inserted in the splicer. 

Itshould be noted that the length of tool 12 is such 
as to not disturb any fiber 21 that has been inserted 
into spltoer 10 from end 24. As can be seen firom Fig. 
5b, tool 12 deflects spring damps 26 and 28 but does 
not deflect spring damp 30. While the deflection of 
clamp 26 may renwve the forces on the dadding of 
fiber 21 inserted firom end 24, fiber 21 is still fixedly 
held in place by spring damp 30 which is notdefiect d 
by the tool. Also as is shown in Fig. 4d, th opening 
f splice element 82 does not allow the dadding 21a 
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of a fiber 21 inserted from end 24 1 leav the groove 
109. 

With filter 20 inserted in the splicer 10, the inser- 
ti n of fiber 21 differs from that f fiber 20 in that th 
buffer 21b of that fiber may not completely fill the 5 
associated one of channels 62 and 66. As the clad- 
ding 20a of fiber 20 projects slightly more than halfway 
through element 82. the tip of the cladding of fiber 21 
meets the tip of the cladding of fiber 20 before the buf- 
fer 21 b may completely fill the associated channel. It io 
Is this meeting of the cladding tips, i.e. cleaved ends 
of the two fibers, which provides feedback to let the 
craflsperson know that the fiber tips are in contact with 
each other 

As previously described, body halves 14a, 14b 15 
are fabricated from a polymer. The cantilever spring 
clamps 26, 28 and 30 must exert sufficient nomfial 
force 80 as to retain the fiber against axial forces.. As 
described above, for splice element 82 that force Is in 
the order of five pounds. If the spring clamps were to 20 
exert substantially rnore force than five pounds the 
fiber might crack or microbends, which cause light to 
be lost from the fiber, might occur. 

When a fiber having a nominal cladding diameter 
("d" of Fig. 4d) of 125um (about 0.0050 inches) is in 25 
groove 109, and splicer 10 Is in Its operating mode, 
the spacing {V of Fig. 4e) between the edges of 
splice element halves 82a and 82b is in the order of 
0.0020 Inches (about SOum). Each edge is then 
0.0010 inches (about 25um) above the centeriine 82c 30 
of the splice element. As the splice element halves are 
In Intimate contact with the associated one of the body 
halves 14a, 14b then the associated ones of the 
clamp spring sections 26a, 26b; 28a, 28b; and 30a, 
30b are each also deflected about 0.001 Inches when 35 
splicer 10 is in its operating mode. In order to provide 
the spacing of 0.0020 Inches In the operating mode, 
the width of groove 109 ("a" of Fig. 4c) was selected 
to be about 0.0048 inches (about 122um). 

We have found that fabricating body halves 14a, 40 
14b from a glass filled, high performance polymer will 
satisfy the above criteria. In one embodiment for the 
body halves 14a, 14b, those halves were fabricated 
using such a polymer which is commercially available 
from General Electric and Is sold under the trademark 45 
VALOX. 

In assembling one embodiment of splicer 10 as 
described above in connection with Fig. 5a wherein 
the body hah^es 14a, 14b were fabricated from the 
VALOX polymer and the splice element halves were so 
fabricated, from the 5202-H32 aluminum alloy, a 
2,000 watt machine was used for 0.3 seconds to 
ultrasonically weld the splicer. 

Body halves 14a, 14b and splice element halves 
82a, 82b may be fabricated either by using a stamping 55 
or nrolding die. Som adjustment of the die may first 
be necessary in order t nsure that the boss and 
openings on the mirror image hah^es and in particular 


the V grooves are in alignment witii each oth r. Once 
that adjustment has been mad , no further adjust- 
ment sh uldben cessaryinth di during its useful 
Iff . 

As Is well known, after splicer 10 has been conrv 
pletely assembled an indexing gel may be injected 
into the fiber apertures of the splicer. 

Referring now to Figs. 6a and 6b there is shown 
an embodiment for ttie polymer spring splicer of the 
present invention which can damp tiiree different buf- 
fer diameters. Fig. 6a shows that splicer 110 fully 
assembled while Fig. 6b shows one of the two splice 
body halves 114a, 114b. A comparison of Figs. 6a 
and 6b with Figs. 1 and 2, respectively shows that the 
present embodiment Is In many respects Identical to 
the splicer embodiment shown in Figs. 1 and 2. There- 
fore it is only necessary to describe In detail the dif- 
ferences between this embodiment and the 
embodiment shown in Figs. 1 and 2. 

The splicer 110 of Fig. 6a has a rectangulariy 
shaped polymer body 114 which is assembled from 
mirror image rectangulariy shaped polymer body hal- 
ves 114a and 1 14b in the same manner as was pre- 
viously described in connection with Fig. 5. Atfirstend 
116 of body 114 there Is a first essentially rectangu- 
lariy shaped aperture 118 for receiving a buffered 
optical fiber 20 to be spliced. End 116 also includes a 
second essentially rectangulariy shaped aperture 122 
for receiving tool 12. Body 114 also includes a second 
end 124 which also has a first essentially rectangu- 
lariy shaped aperture 1 1 9 identical to aperture 1 18 for 
recehring buffered optical fiber 21 to be spliced to fiber 
20. Second end 124 also has a second essentially 
rectangulariy shaped aperture 123 identical to aper- 
ture 122 for receiving tool 112. 

As is shown in Figs. 6a and 6b each half 114a, 
114b of body 114 Is divided Into the five sections 
126a, 128a. 130a, 132a and 134a of body half 114a 
and the five sections 126b, 128b, 130b, 132b and 
1 34b of body half 1 1 4b. Sections 1 26a and b are iden- 
tical in length to sections 134a and b. Sections 128a 
and b are identical In length to sections 132a and b. 
Each of the sections are separated from the next adja- 
cent section by the associated one of elongated U 
shaped gaps 136a and b, 138a and b, 140a and b, and 
142a and b. Gaps 136a and b separate sections 126a 
and b, and 1 28a and b; gaps 1 38a and b separate sec- 
tions 128a and b and 130a and b; gaps 140a and b 
separate sections 130a and b and 132a and b; and 
gaps 142a and b separata sections 132a and b and 
134a and b. 

In assembled splicer 110 sections 126a, 126b: 
128a, 128b and 130a. 130b of body halves 114a and 
1 14b function as double cantilever spring clamps 126, 
128 and 130, respectively, t retain buffered fib r 20 
after it is received in apertur 118. More specifically, 
spring damp 130 retains the dadding 20a of fiber 20 
whil either of spring damps 126, 128 retain the buffer 
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20bof thatfiberdepending n thediameterof that buf- 
fer. In an identical fashi nsecti ns 130a, 130b; 132a, 
132b and 134a, 134b of body halv s 114a and 1 14b 
function in th assembi d splice as double cantil v r 
spring clanfips 130, 132 and 134, respectively, to s 
retain the buffered fiber 21 received in the essentially 
rectangularly shaped aperture of end 124. More 
specificaliy spring clamp 1 30 retains the cladding 21 a 
of fiber 21 while either of spring damps 132. 134 
retain the buffer 21b of fiber 21 depending on the io 
diameter of that buffer. 

Tool 1 12 is used to open spring clamps 126. 128, 
and 130 in the same manner as was described for 
spring damps 26 and 28 of splicer 10 so that fiber 20 
can be received in or removed from aperture 118 in is 
end 1 16. As in splicer 10 the length of tool 1 1 2 is such 
that the tool only projects inwardly Into housing 114 a 
distance sufficient to open only spring clamps 126, 
1 28 and 1 30 and not to affect any fiber that may have 
been received in the essentially rectangulariy shaped 20 
aperture in end 124 and is held in place in splicer 1 10 
by damps 130, 132 and 134. 

In a similar manner too! 1 2 is used to open spring 
damps 130, 132 and 134 so that fiber 21 can be 
received in or removed from aperture 11 9 in end 124. 25 
As described above the length of tool is such as to 
only open spring damps 130, 132 and 134 and not to 
affect any fiber that may have been received in aper- 
ture 1 18 and is held in place In splicer 1 10 by damps 
126, 128 and 130. As with splicer 10 a craftsperson 30 
can spread those of the spring damps of splicer 110 
associated with one of the fibers using only one hand 
and with that hand or the other hand either insert into 
or iBmove from those spring clamps that fiber without 
disturbing a fiber that has been received in the spring 35 
damp associated with that other fiber. 

As was described above the body halves 114a, 
1 14b are mirror intages of each other and when mated 
together fonm apertures 118, 119, 122 and 123. 
Therefore only the half of those a pertures 11 Bb, 1 1 9b 40 
in end 116b and the half of those apertures 122b, 
123b in end 124b of body half 1 14b are shown in Fig. 
6b. Body half 1 14b Indudes upwardly projecting align- 
ment boss or pin 144b and complementary alignment 
hole or opening 146b. When polymer body halves 45 
1 14a and 1 14b are mated together during the assenrv 
bty of splicer 110 the alignment boss or pin 144b on 
body half 114b interferes with the complementary 
alignment hole or opening 146a on body half 114a. 
Opening 146b on body half 114b interferes with the so 
pin 144a on body half 1 14a. 

Starting at aperture 1 1 8b. section 1 26b has a first 
tapered half rectangulariy shaped portion 148b which 
is followed by a first half rectangularly shaped portion 
1 50b. When splicer 1 1 0 is assembled from body hal- 55 
ves 114a and 114b and spring clamp 126 is dosed, 
half rectangulariy shaped p rtion 1 50b In combination 
with half rectangulariy shaped portion 150a of body 


half 1 14a defines an longated rectangi 1 50 whose 
height is suffident t hdd in place a 900 um buff r 
120b. Following half rectangulariy shap d portion 
1 50b, section 126b has a second tapered half rectan- 
gulariy shaped portion 152b. A second half rectangu- 
lariy shaped portion 154b starts at the left hand end 
of portion 152b and ends at gap 136b. When splicer 
1 10 is assembled and spring damp 126 is closed, half 
rectangulariy shaped portion 154b in combination 
witti half rectangularly shaped portion 154a of body 
half 1 14a defines an elongated rectangle 154 whose 
height is suffldent to hdd in place a 500 um buffer 
20b. 

Starting at gap 136b, section 128b has a tapered 
half rectangulariy shaped portion 156b which is fol- 
lowed by a half rectangulariy shaped portion 158b 
which ends at gap 138b. When splicer 1 10 is assenv 
bled and spring damp 128 is dosed, half rectangu- 
lariy shaped portion 158b in combination with half 
rectangulariy shaped portion 158a of body half 114a 
defines an elongated rectangle 158 whose height is 
sufficient to hold in place a 250 um buffer 20b. 

In a similar manner, section 134b has first and 
second tapered half rectangulariy shaped portions 
1 60b and 164b and first and second half rectangulariy 
shaped portions 162b and 166b. When splicer 110 is 
assembled and spring damp 134 is dosed, half rec- 
tangulariy shaped portions 162b and 166b in combi- 
natibn with half rectangulariy shaped portions 162a 
and 166a of body half 114a define elongated rec- 
tangles 162 and 166, respectively whose heights are 
sufficient to hold in place a 900 um and a 500 um buf- 
fer, respectively. Also in a similar manner, section 
132b has a tapered half rectangulariy shaped portion 
168b and a half rectangularly shaped portion 170b. 
When splicer 1 10 is assembled and spring damp 132 
is dosed, half rectangulariy shaped portion 170b In 
combination witti half rectangulariy shaped portion 
170a of body half 114a defines an elongated rec- 
tangle 170 whose height is suffident to hold in place 
a 250 um buffer. 

Section 130b shown In Fig. 6b need not be des- 
cribed in detail as it is identical in structure and func- 
tion to section 28b of body half 14b of splicer 10. In 
addition the rest of body half 1 14b need be described 
as it is identical In structure and function to those parts 
of body half 14b which are designated by reference 
numerals which only differ from those shown In Fig. 6b 
by tiie absence of a hundreds position. With splicer 
110 fully assembled the opening of spring clamps 
1 26, 1 28 and 1 30 by tiie use of tool 1 1 2 allows a fiber 
20 to be received In aperture 118. The dadding of the 
fiber is received in the right hand half of splice element 
182. The opening of spring damps 130, 132 and 134 
of the fully assembled splice by th use of tool 112 
allows a fiber 21' to be receiv d in ap rture 119. The 
cladding 21a of tiiat fiber Is receh^ed in the I ft hand 
half of splice lament 182. 
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Referring n w t Fig. 7 th r is shown an embo- 
diment f r th polymer spring splicer of the present 
invention which can damp any number f different 
buffer diam ters using niy a single spiice damp 226. 
Fig. 7 shows that splicer 210 fully assembled. There 6 
Isn't any need to show either of the two splice body 
halves 214a. 214b as they will be identical to the body 
half shown in Fig. 2 for damping two different buffer 
sizes or to the body half shown in Fig. 6b for damping 
three different huffier sizes with the sole exception that to 
the body halves 214a, 214b will not have the gaps 
shown in Figs. 2 and 6b. 

Tool 212 is shown in Fig. 7 as identical to tool 12 
of Fig. 1 . i.e. for a splicer 210 which damps two diffe- 
rent buffer sizes. If splicer 210 were designed to 15 
damp three different buffer sizes, then tool 212 would 
be identical to tool 1 12 of Fig. 6a. 

We have found that when tool 212 Is inserted in 
aperture 222 and rotated In a direction so as to deflect 
the body halves a fiber 20 may be Inserted into or 20 
removed from aperture 218 without disturbing any 
fiber which has been inserted in aperture 219. In other 
words the single splice damp 226 is sufficient to hold 
in position a fiber inserted in one of the apertures 218 
or 219 when the tool is used to deflect damp 226 so 25 
that a fiber can inserted Into or removed from the other 
of the apertures 219 or 218. A comparison of Fig. 7 
with Figs. 1 and 6a shows that the present embodi- 
ment is except for the al)sence of any gaps otherwise 
Identical to the splice embodiments shown in those 30 
figures. Therefore it is not necessary to describe 
splicer 21 0 any further. 

Refem'ng now to Fig. 8a there is shown tool 12 of 
Fig. 1. Tool 12 has a handle 12a and a shaft 12b 
extending outwardly therefrom. The shaft 12b is 35 
divided into first and second portions 12c and 12d, re- 
spectively. Portion 12c starts at handle 12a and is 
about twice as long as portion 12d. As can be seen 
from Fig. 8a portion 1 2c is wider than portion 1 2d. The 
differing widths of the shaft portions gives rise to 40 
shoulders 12e on the shaft at that location wherein 
portion 12c ends and portion 12d begins. 

Referring back to Figs. 1, 2, 3 and 5a. it can be 
seen that when tool 12 is fully inserted into aperture 
22 of end 1 6. that shaft portion 1 2c resides in that part 45 
of channel 88 which Is in section 26. Shaft portion 12d 
resides in that portion of channel 88 which is in the thin 
wall 71 ofsectlon 28 and the channel 101 of splice ele- 
ment 82 which is also in section 28. 

While not that deariy shown in Figs. 2 and 3. the so 
portion of channel 88 In section 26 is wider than the 
portion of channel 88 and channel 101 in section 28. 
When a craftsperson inserts tool 12 into aperture 22, 
shoulders 12e come into contact with the outside 
parts of end wall 71 adjacent channel 88. This contact 55 
provides feedback t let the craftsperson know that 
the tool is fully inserted in aperture 22. As is dearly 
shown in Fig. 5a, when tool 12 Is fully inserted, shaft 


portion 12d xtends about halfWay ttirough channel 
101. Wh n tool 12 is fully inserted in aperture 22, nly 
spring clamps 26 and 26 and not spring damp 30 are 
deflect d by rotati n of tti tod. 

Referring to Figs. 8b and 8c there are shown sec- 
tions through shaft portions 12d and 12c, respect- 
ively. As can be seen, each of the shaft portbns has 
an essentially rectangular cross-section. The edges 
12f of portion 12c and 12g of portion 12d are rounded, 
making it easier to rotate the tool both In the direction 
that fully deflects the spring damps and in the oppo- 
site direction. 

While tool 12 has been shown to have a handle 
1 2a which is substantially coaxial with ttie axis of shaft 
1 2b, it should be appreciated that the handle may also 
be offeet witti respect to the shaft axis. 

The tool 1 12 for use witti splicer 1 10 of Fig. 6a is 
identical to the tool 12 of Fig. 8a except ttiat its shaft 
112b is divided into tiiree essentially equal portions 
each associated witti a respective one of spring 
clamps 126, 128, 130 or 130, 132, 134. The portion 
1 12c dosest to the handle 1 12a is wider than portion 
112d which in tum Is wider than portion 112e. The 
width of portion 112e of tool 112 is the same as the 
width of portion 12d of tool 12 as botii reside In chan- 
nel 101 of splice element 82 when the tool is fully 
inserted into either end of the associated one of splic- 
ers 10 and 110. 

Tool 1 1 2 has first and second shoulders 1 1 2f and 
11 2g. Channels 188 and 190 of splicer 110 (see Fig. 
6b) have their widest width in sections 126 and 134, 
respectively; an intemnediate width in sections 128 
and 132, respectively; and their narrowest widUi in the 
end walls 1 71 b and 1 75b, respecth^ely. When tool 1 12 
is fully inserted In splicer 110, shoulders 112f make 
contact witti that end of channels 188 or 190 in sec- 
tions 128 or 1 32 dosest to gap 1 36 or 140 and shoul- 
ders 112g make contact with ttie outeide of end wall 
171 or 175 to indicate that the tool is fully inserted in 
the splicer. 

As with tool 12, the edges 112h, 112j, and 112k 
of portions 112b, 112c and 112d, respectively, are 
rounded. 

The splicer of the present invention may be 
mounted in panels in very high densities. One such 
example is shown in Fig. 9 wherein a panel 300 
includes seven (7) rows each capable of having eight 
(8) of splicers 10 inserted therein. Panel 300 then has 
56 rectengular openings 302 each capable of having 
a splicer 10 inserted therein. Solely for simplicity of 
lllustiBtion, splicers 10 are shown in Fig. 9 as inserted 
only in the top row and right hand column of panel 300. 
Panel 300 Indudes openings 304 which are used to 
mount ttie panel to a suitebly arranged frame (not 
shown). 

in order Uiatspltc r 10 be inserted in pening302 
ttiere Is assodated witti each spltoer a rectengulariy 
shaped fenule 306. Prior to inserting each splicer 10 
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into an pening 302 th ferrule 306 is slipped over the 
splicer and c ntered ther on. The combination of 
splicer 10 and ferrule 306 is then inserted in opening 
302. Each fenrut has tw outwardly projecting spring 
tabs 308 and a raised edge 306d which ar used to 
cooperathrely engage the opening 302 to thereby sec- 
urely maintain the splicer-ferrule combination in the 
opening. One such spring tab 308 is shown In Fig. 9 
wherein a portion of the upper left edge of panel 300 
has been cut away adjacent to the left most opening 
in the first row. 

Referring now to Figs. 10a, 10b. and 10c. there 
are shown various views of ferrule 306. Spring tabs 
308 are most cleariy shown in Figs. 10a and 10b. The 
spring tabs 308 are located in openings 306a In the 
wide sides 306b of rectangulariy shaped ferrule 306. 
There is one opening and one spring tab per wide 
side. Each spring tab includes an arm 308a with an 
outwardly projecting raised right triangularly shaped 
portion 308b thereon. When the combination of ferrule 
306 and splicer 10 is fully inserted in an opening 302, 
portion 308b positively engages the rear 300a (see 
Fig. 9) of panel 300 to thereby aid in holding splicer 
10 firmly in opening 302. An appropriate tool such as 
a thin flat bladed screwdriver may then be used to 
depress tabs 308 so that the splicer-ferrule combi- 
nation can be removed from opening 300 for any 
reason. 

Refem'ng specifically to Figs. 10a and 10b it is 
seen that fenrule 306 includes at end 306c the raised 
edge 306d. As can be seen from Fig. 9 when the conrv 
bination of splicer and fenrule is fully inserted in an 
opening 302, edge 306d abuts the front 300b of panel 
300. Therefore, when ferrule 306 Is fully inserted in 
panel 300, tabs 308 and raised edge 306d cooperate 
to firmly hold the combination of fenrule and splicer in 
panel 300. 

Referring nowtoFig. 10citisseenthatfenrule306 
includes in each of its wide sides 306b a hemicylindri- 
cally shaped rib 306e which projects into rectangular 
aperture 306h. The ribs are located on the wide sides 
near to narrow side 306f which has a gap 306g the- 
rein. Tuming back momentarily to Figs. 1 and 5a, it is 
seen that body half 14a of splicer 1 0 includes in sec- 
tion 28a an elongated hemicylindrically shaped 46 
recess 29a. While not shown in either of the above fig- 
ures, body half 14b also includes in section 28b a mir- 
ror image elongated hemicylindrically shaped recess 
29b. 

Recesses 29a, 29b are complementary in shape so 
to projecting ribs 306e and each have a length which 
is at least as long as the ribs. The fenule 306 is slipped 
over splicer 1 0 such that gap 306g in nannow side 306f 
is adjacent the unitized structure 91. The primary 
function of gap 306g is to allow th ferrul to spread 55 
open, i.e. niarge aperture 306h, when it is slipp d 
over the splicer. When the fenrule is centered on the 
splicer, th ribs 306e positively engage the 


1 . A splicer for at least two optical fibers comprising: 

a) a housing (14) having at least two openings 
(18, 19) each associated with one of said at 
least two optical fibers and at least one double 
cantilever spring means (26, 28, 30); and 

b) fiber receiving and positioning means (82) 
in said housing extending between said at 
least two openings, 

said at least one double cantilever spring 
means clamping both the cladding and buffer of 
said at least two fibers when each one of said fit>- 
ers are introduced into said fiber receh^ing and 
positioning means (82) from said associated one 
of said at least two openings to a point in said 
housing which Is about halfway between said at 
least two openings, for damping each of said at 
least two fibera independently of the other. 

2. The splicer of Qaim 1 wherein said fiber receiving 
and positbning means (82) can accommodat a 
plurality of buffer sizes for each of said at least 
two optical fibers. 


associated one of r cesses 29a, 29b. This p sitiv 
engagement lets the craftsperson know that th fer- 
rule is c nt red on the splicer and that the splicer-fer- 
rule combinati n is now ready f r Insertion in one of 
5 openings 302. 

There Is sufficient flexibility In ferrule 306 that it 
usually can easily be removed from a splicer on which 
it was previously installed. It should be noted, how- 
ever, that gap 306g allows a craftsperson to use an 
io appropriate tool such as a thin bladed screwdriver If 
It is ever necessary to disengage the ribs 306e from 
the recesses 29a, 29b in order to remove the ferrule 
from the splicer. It should also be noted that fenule 
306 does not Interfere with the operation of splicer 10 
IS when it is installed on the splicer. It should also be 
further noted that while fenrule 306 has been shown 
in combination only with splicer 10, it may also be 
used with splicers 1 10 and 210 of Figs. 6a and 7, re- 
spectively. To that end both of those splicere also 
20 Include elongated hemicylindrically shaped recesses 
129a. 129b and 229a. 229b, respectively. In one 
embodiment, ferrule 306 was fabricated using the 
same VALOX polymer that was used to fabricate body 
halves 14a, 14b of splicer 10. 
25 It Is to be understood that the description of the 
preferred embodiments are intended to be illustrative, 
rather than exhaustive, of the present Inventbn. 
Those of ordinary skill will be able to make certain 
additions, deletions, and/or modificattons to the 
30 embodiments of the disclosed subject matter without 
departing from the spirit of the invention or its scope, 
as defined by the appended claims. 

35 Claims 
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3. The splicer of Claim 1 r 2 wherein said housing 
(14) comprises first and second body halv s 
(14a, 14b), said body halves forming said at least 
n doubl cantilever spring means. 


second housing halves (14a, 14b); 

c) assembling said first and second housing 
halves (14a, 14b) to fomri said splicer, and 

d) fusing predetenmined portions of said first 
and second housing halves (14a, 14b) to each 
other. 


9. Themethod fClaim7 rSandfurth rcomprising 
prior to said step of ass mbling said first and sec- 
ond housing halves (14a, 14b) the step f aligning 
said first and second housing b dy halves (14a. 

5 1 4b) with each other. 

10. A femjie for mounting a splicer for optical fibers 
in a through opening In a panel having two faces, 
said ferrule comprising: 

a) a body (306) having an external configu- 
ration for complementary engagement with 
said panel through opening and a through 
aperture (306h) for receiving said splicer, said 
aperture (306h) having an Internal shape 
essentially complementary to an external 
shape of said splicer; and 

b) edge means (306d) on said body (306) for 
positively engaging one face of said panel 
when said ferrule Is Inserted. 

11. A method for operating a splicer for at least two 
optical fibers, said splicer comprising a housing 
(14) having at least two openings (18, 19) each 
associated with one of said at least two optical fib- 
ers and at least one double cantilever spring 
means (26, 28, 30), fiber receiving and position- 
ing means (82) in said housing extending be- 
tween said at least two openings, said at least one 
double cantilever spring nrteans damping both the 
cladding and buffer of said at least two fibers 
when each one of said fibers are introduced into 
said fiber receiving and positioning means from 
said associated one of said at least two openings 
(18, 19) to a point In said housing which is about 
halfway between said at least two openings, for 
clamping each of said at least two fibers indepen- 
dently of the other, said method comprising the 
steps of: 

a) forcing said at least one double cantilever 
spring means to deflect between one of said 
at least two openings and said about halfway 
point; and 

b) moving said associated one of said at least 
two optical fibers in said fiber receiving and 
positioning means. 

12. The method of Claim 11 and further comprising 
the step of removing said deflecting force after 
said moving step. 

so 


The splicer of Qaim 1, 2 or 3 further comprising 
channel means (88, 90) for receiving a tool for 
deflecting said at least one double cantilever 
spring means (26. 28. 30) between one of said at 
least two openings (18, 19) and said about half- io 
way point so that said associated one of said fib- 
ers can be moved In said fiber receiving and 
positioning means. 

The splicer of any one of the preceding claim In is 
which the fiber receiving and positioning means 
(82) comprises splice element means having two 
mirror image halves (82a. 82b) each having half 
of said fiber receiving and positioning means for- 
med thereupon. 20 

A splice element for use in splicing at least two 
optical fibers, said element being formed from two 
mirror image halves, each of said halves compris- 
ing: 2S 

a) a V-shaped fiber supporting surface (109a 
or 109b); and 

b) half (1 03a or 1 03b) of aperture means (1 03) 
for receiving a tool for spreading said splice 
element so that a fiber may be moved in said 30 
splice element. 

A method for assembling a fiber optic splicer, said 
splicer comprising a splice element (82) having 
first and second mirror image body halves (82a, 35 
82b) and first and second housing halves (14a. 
14b) each of which has a recess (80a, 80b) for 
receiving one of said body halves (82a, 82b) of 
said splice element, said method comprising the 
steps of: 40 

a) assembling said first and second splice ele- 
ment body halves (82a, 82b) to fonm said 
splice element (82); 

b) placing said splice element (82) in said 
recess (80a or 80b) of one of said first and 4S 


8. The method of Claim 7 and further comprising 
prior to said step of assembling said first and sec- 
ond splice lement body halves (82a. 82b) the 55 
step f aligning said first and second splice le- 
ment body halves (82a, 82b) with each other. 
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